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Description 



The i* 

articles havbu^ kfl/m a with a matrix of a cured Inorganic binder, in which green 

shaped articles are famed by dewateiing an aqueous sluny of fibres and a matrix forming material com- 
prising partides of an feioiganic hydraulic binder, a particulate Inorganic additive and possibly otheradditives 
containing an excess of water In relation to the amount necessary to secure curing of the hydraulic binder, 
and containing, on a dry weight basis, 3-20%, preferably 6-20%, in particular 7-1 5%, oeflulose fibres, after 
which the green shaped articles are cured. 

Various processes of this kind are known In connection wffli the above procedure. Hereby the curing 
of the green shaped articles, which may be pressed or unpressed, may take place at atmospheric pressure, 
e.g. at temperatures between about 20 and 100"C, or by autodaving, I.e. heat treatment In the presence 
of saturated steam at supervatmospherio pressure. 

"Pressed shaped articles' are products, during the manufacture of which the green shaped articles are 
compressed in an adtftional compression stop, typically at a compression pressure of apprax. 10 MPa. 
•Unpressed shaped articles" are shaped articles which have not been subjected to such an additional com- 
pression step. 

The known autodaved and unautodaved products have typically a modulus of rupture, MOR, of at least 
8 MPa, e.g. 8-16 MPa and are wsii-fiutted as building materials, e.g such as flat or corrugated sheets and 
panels used for roofing and interior and exterior cladding of buildings. 

Numerous processes of this kind are known In connection with the manufacture of unautodaved pro- 
ducts. 

For example US patent specification No. 4 261 754 describes the manufacture of building materials 
reinforced wfth special polydteTme-fibresand possibly cellulose fibres, by which, if desired, an inorganlcfine 
grained additive may be added, La to provide Improved plasticity and fibre dispersion during the manufac- 
ture of the green sheets. Typical MOR values for such unautodaved polyofefine^bre-reinfbrced sheets are 
about 6 MPa* 

Danish patent specification No. 4826/78 describes an improved sdutiontofhe problem of providing fine 
fibre dispersion, which Is obtained by Intensive mechanical treatment of the fibre-containing slurry prior to 
dewaterihg same. It also dascrtbss the use of a fine filler, such as ultra fine sOica dust, hereinafter UFS". 
having a specific surface area of 5-200 n#g and an average particle diameterless than about 0.6 jun dosed 
in an amount of as much as 10%, typically 2-5%, in particular 3.5%, In connection with the manufacture of 
unautodaved fibrereinforced sheets with a typical MOR of about 10 MPa. Here and Sn the following all per- 
centages are calculated by weight unless otherwise indicated. 

It was later discovered Oat the said Intensive treatment could be avoided, If, during the manufacture 
of the initially prepared aqueous fibre eluny, colloidal hydrophlib partides are used as dispersion agent, 
e.g. special colloidal sQlca-and/or day partides, such as Aerosfl 200 and Ludox HS40, In amounts of apprax. 
2%! Typical cellulose fiber-dosages are 2-3%, typical binding agents are Portland cement and pozzdanic 
cements, e.g. containing up to 12% of the above UFS as pazzolaa This technique Is described In EP patent 
specification No. 47 158, but exclusively In oormecfion with the manufacture of unautodaved sheet products. 
Hereby are obtained products with considerably Improved strength properties. e.g. typical MOR values of 
12-18 MPa at densities of about 1600 kg/nrft 

Addition of plasfflylng agents in the form of colloidal silica- and/or day partides, such as Cabosfl or ben- 
tonite, in amounts of 6-1 0% when manufacturing both unautodaved and autodaved sheets with high density 
and containing at least 5% cellulose fibres is known from OB patent specfficatlon No. 2 045 308. A typical 
redpe far flat sheets is e.g. 845% Portland cement, 10.9% cotton fibres, 0.5% nylon fibres and 5.0% plas- 
tifying agent, such as colloidal silica, thus producing products with MOR values of about 19.5 MPa at a den- 
sity of about 1450 kg/m 8 . 

GB patent spedficafion No. 2 048 330 and EP patent specification No. 68 742 e.g. describe the use of 
fiie above UF8 as pozzdan in the manufacture of unautodaved sheets. The latter specification concerns 
fte manufacture of e^. flat or corrugated, preferably pressed, cdlulose fibre-reinforced sheets, typlcaBy 
having the following composition : 8% cotton fibres, 87% Pcrfland cement and 25% UFS. After curing for 
24 h at 80°C and for 2 weeks at room temperature pressed products are obtained having MOR values of 
about 18 MPa ata density of about 1500 kg/m 5 . 

Finally numerous variants of the process described In the Introduction are known in connection with 
the manufacture of autodaved products. 

it Is a characteristic common feature of these methods that the aqueous slurry contains three main com- 
ponents : Afibre component, a lime component and an acid silica component, the acidity of file latter usually 
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only manifesting ttself under the reaction conditions prevailing during the autodavlng process. Additionally 
various additives can be used, La (testifying agents In the form of colloidal slice- and/or day particles, such 
as Cabosll. Ludox and bentonite. Known lime components Include Portland cement, hydrated lime and mixt- 
ures thereof. Known acid silica components reacting during the autodavlng with the lime component under 
formation of calcium eilicate hydrates Include ground quartz, silica sand, dlatomlte and/or fly ash having a 
fineness corresponding to that of Portland cament 

A significant difference between autodaved and unautodaved products resides In the different chemical 
and crystalline nature of the cured binders. Whereas the unautodaved, cured binder* mainly consist of 
amorphous calcium silicate hydrates with felrty varying stokshtometry and containing free lime, the euteo 
laved products mainly consist of semh mainly extremely flne-cryetaffine tobermorfte-like structures with less 
varying etotehSometry. containing practically no free lime. The chemical and morphological structure of the 
autodaved matrixes is, however, a complaxfunctton of a numberof factors, Indudlng the nature of the start- 
ing materida and the reaction conditions before and during the autodavlng. Due to l.a.the more crystalline 
nature of the matrixes the autodaved products often exhibit Improved weather resistance, reduced moisture 
movements and reduced moisture permeability compared with the corresponding properties of the unauto- 
daved products* 

A typical example of a fibre-reinforced autodaved product Is described In US patent specification No. 
3 601 323, which mentions a typical mixture of 15% asbestos fibres, 51 % Portland cement and 34% ground 
sand (as silica). A See flowing aqueous slurry b prepared from this mixture, whereafter green sheets are 
prepared by dewatartng said slurry. These sheets are pressed and autodaved, typically at170°Cfor8 hours. 

Similar processes using hydrated lima. Portend cament or mixtures thereof, ground quartz, silica sand, 
dtatomito or fly ash as silica, preferably having a specific surface area within the range 3000*5000 cntf/g. 
and fibres of asbestos, elfca, glass, cellulose andtor organic polymers, are also mentioned In US patent 
specification No. 3 501 323. 

Another process of the same Wnd for the production of asbestos^rse products, using e.g. 12% ceflulose 
fibres, 16% Porfland cement, 31 .8% hydrated lime, 28.2% ground quartz end 12% mica is known from US 
specification No. 4 101 335. This product has a typical denstty of 750 kg/mf 1 and a MOR of 13.6 MPa. 

Autodaved products of fills Wnd are also described on page 5 of Danish patent specification No. 
3678/80. e.g. corrtafo&ig 3% cellulose fibres, 8% hydrated lime, 40% fly ash, approx. 30% Portland cement, 
12% VWastonlte crystals and 6% dispersion agent In the form of a clay slurry. This product has a density 
of approx 1300 kgftn* and a MOR of about 7 MPa. 

Autodaved cellulose fibre-reinforced products are further described In the following specifications : 

SB patent specification No. 1 421 558 describing the manufacture of autodaved products, e.g. on the 
basis of raw mixtures with the recipe 38.2% Portland cement, 38.1% dlatomfte, 5% cellulose fibres, 1Z2% 
glass fibres and 7.5% perilte having a MOR of 4.7 MPa at a density of 640 kg/m* ; 

US patent specification No. 4 040 851 describing the manufacture of autodaved products, e.g. on the 
basis of raw mixturee with the redpe 50.1% Porfland cement, 18.6% dlatomlte, &2% cellulose fibres and 
various additives having a MOR of about 8 MPa at a density of 830 kg/rrt», and a corresponding product 
with ground quartz Instead ofdiatomite having a MOR of about 21 MPa at a density of 1600 IqgAn' ; and 

US patent epecfication No. 4 132 555 desdHblng the manufacture of autodaved products, e.g. on flie 
basis of raw mixtures with the redpe 10% Portland cement, 42% hydrated lime, 38% ground quartz and 
10% cellulose fibres having a MOR of 10.8 MPa at a density of 755 kg/to*. 

As prevfouslymenttoned. theuseof plasfifylng agents in the torn of colloidal silica* and/brday partldes, 
such as CabosB. Gasfl, Neosyi and bentonite, Is also known In connection with the manufacture of autoc- 
laved products, e* torn GB patent specification No. 2 045 308, which e.g. mentions the manufacture of 
autodaved products on the baste of raw mixtures with the redpe 41 % Portland cement, 44% ground quartz, 
4% cotton cellulose fibres, 2% other fibres and 9% bentonite having a MOR of 1 8.5 MPa at a density of 
1400 kgftn* and with the recipe 46% hydrated tone, 41.5% ground quartz, 4% cellulose fibres, 5.5% other 
fibres and 3% bentonite having a MORof1&5 MPa at a density of 1350 kgtoA 

Another process of the same kind using 40-60% cement, 3040% ground quartz and 5-15% cellulose 
fibres and possibly piastifying agents of the same Wnd, e,g- colloidal silica, which may partly replace the 
quartz, ag. approx. 25% quartz and 10% cdWdal silica dispersion agent, is also known from the sped- 
ficafion of EP patentepecffication No. 68 741. Hereby pressed sheets having a density of about 1550 kg/m* 
and MOR values of 16-18 MPa may be produced. 

Finally, EP patent specification No. 127 960 describes the manufacture of autodaved fibre-reinforced 
shaped artWes having a density of at least 600 kgftn* with a matrix of cured caldum silicate binder by e 
process, comprising flie steps of initially preparing an aqueous slurry of fibres, containing at least 5% cel- 
lulose fibree calculated on the total solid content, silica, lime and/or lime-contalnfng material, such as Port- 
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land cement, and possibly plastifying agents In the form of colloidal silica- and/or day partldes and other 
additives and containing an excess of water in relation to the amount necessary to secure curing of die cal- 
cium silicate binder, subsequently forming green shaped articles by dewatering the slurry, and finally auto- 
davbig the green shaped articles, possibly after pressing and prewiring. According to this process tne 

5 aqueous slurry, calculated on a dry weight basis contains 

5-30%, preferably 8-20%, In particular 12-1 6% fibres, preferably at least 8% cellulose 

1aW .preferably 18-38%, in particular 18-25% silica In the form of ultra fine silica dust with a specific 

surface 'area of 6-200 mVg, and a parCde average diameter less than about 0.6 irm. 

20-80%, preferably 30-70%, In particular 46-85% lime and/or llme-comainlng material, such as Portland 

10 cement and 

0 ^e a sS^arficlB a formed by this process exhibit particularly high strengths relative to their density. 
It Is however, a characteristic feature of these and the other products mentioned above that there a a slgnlfl 
cant difference la the densities as well as In (he MOR values of unpressed and pressed producte, respect- 
ively As anile, superior strength properties are only obtained when the products are manufactured by pro- 
cesses comprising pressslng of the green sheets in an additional compression step, typically at a pressure 
of about 10 MPs. This to probably due partly to the more compact character of the matrix of the pressed 
products, which not only perse possess a higher MOR, but also provides Improved fibre androring com- 
pared with the fibre anchoring obtained with the more porous matrix obtained In an unpressed sheet 

However, the necessity of such an additional sheet compression step In the manufacturing of sheets 
represents a considerable Inconvenience, partly for reasons of investment, partly because it complicates 
the manufacturing process, particularly when corrugated sheets are produced. 

AnoZ3vanteIe of the known art consists fn that the MOR value of water saturated cellulose fl- 
bre-relnforced sheets normally amounts to only about 60% of the value for dry sheets. Probably, this 
reduced strength of wet sheets In relation to dry sheets is due to reduced fibre anchoring in the wet matrix 

as compared with a dry matrix. _ , . 

The object of the present Invention consists in providing a process of the above kind for the rrwnutecture 
of products, such as fiat or corrugated panels or sheets, e.g. used for roofing, interior and exterior cladding 
of buildings, and as Interior buldlng elements in ships, and pipes. In which the above disadvantages are 
eliminated and In which the green shaped articles exhibit extremely fine mouldabjity and plasticity. 

It has surprisingly been found that the object can be achieved by a process of the kind described In the 
introductory part of this specification, characterized In that the matrix forming material comprises, on a dry 
weight basis, 



40-90%, preferabIy45-85%, or a coarse materia wan an «vw««o v~ — — — - - r-- — — . 
run, preferably with a partide size distribution exhibiting only one maximum, comprising the hydraulic binder 
and possibly a area- or sfllcate-oontalnlng, preferably pozzdanlc active additive, 
5-45%. preferably 1040%, In particular 10-33%, of a fine Inorganic, preferably silica- orsflicate^orrtaining, 
In particular pozzolan Inactive additive with an average partide size of 10-1 pm, preferably 7-3 pm, prefer- 
ably with a particle size dtetribution exhibiting only one maximum, 

3-25% of an ultra fine preferebty pozzolanlc active additive with an average particle size within the range 
1-0.02 um, preferably lass than 0.5 pm, and 

^wwpSprotk^ 

and MOR, which previously could only be obtained for pressed products. Furthermore, the difference bet- 
ween the MOR value in wet and dry state la surprisingly small for products manufactured according to the 
Invention. This advantage la particularly important in connection with the manufacture of pipes. 

As in the known art, the matrixformlng material comprises an ultra fine additive with a partide size which 
mainly nee within the range 1 um to 0.02 pm. and a main fraction comprising hydraulic binder and sddruve 
with a particle size which mainly lies within the range 60 pm to 1 um. According to the known art. the domi- 
nating amount of the main fraction (calculated on a weight basis) Is In the 60-10 um-fraction. For as well 
Portland cement, as ordinary unground fly ash and ground quartz the weight ratio between the 50-10-iiin- 
fraction and the 10-1 um-fractlon, hereinafter referred to as the -F-ratio", is thus larger than 1.0. typical 

values are larger than 12. _ u , 

It ta a characteristic feature of the rmdrfc forming material acx»rdlrtg to the Invention that Us F-ratio is 




particle size of 10-1 jim, and an F-ratio less than 1.0. 

This is believed to result In a more dose and compact packing of the matrix-material in the dewatered 
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values, probably as e result of Improved inherent matrix strength and improved fibre anchoring In the matrix. 

Furthermore, the green shaped article* manufactured by the process according to the Invention exhibit 
excellent plasticity, handablilby and ahapabilty which are particularly advantageous In connection with the 
manufacture of corrugated sheets and hand-moulded goods. - 

By the process according to the Invention it Is poas bie to manufacture un pressed fiat sheets with typical 
dryMORwtues.vtz.BT-max.dry(defin fl d below), of 1M5 MPaatdensHieaof 1200-1460 kg/m». Typically, 
the wet MOR values are at the most 10% smaller than the corresponding dry values. 

The process according to the Invention may be carried out on both Hatschek and Magnani Machines 
in connection with preparation of In particular impressed but if desired also pressed sheets, and on Mazza 
and Magnani Machines In connection with preparation of pipes. „ tfe _. irn e 

The curing of the green shaped articles may take plaee at atmospheric pressure. e.g. at temperatures 
between about 20 and 100 °C, or by autoclaving. , niMfe «hiv 

When iwrttitacturing unautodaved materials the total amount of fine and ultra fine material preferably 
constitutes less than 35%. calculated on the the total solid content In the slurry, and the coarse matenai 
Dreferably consists exclusively of the hydraulic binder. 

According to e preferred embodiment of the process according to the Invention, the dewatering step is 
carried out on a Hatschek Machine and the green shaped artWes ere cured by autoclaving. in this case 
the matrix forming material may comprise, on a dry weight basis. 
40-76%, preferably 40-55%, In particular 45-50% of the coarse material, 
1045%, preferably 15-40%, In particular 20-30% of the fine additive, 
346%. preferably 10-25%. In particular 14-22% of the ultra fine additive, and 

^A^e^oloanofter preferred embodiment of the process according to the Invention, the dewatering 
step is canted out on a Magnani Machine and the green shaped articles are cured by autoclavlrtB. In this 
case the matrix forming material may comprise, on e dry weight basis, 
40-75%, preferably 40-60%, in particular 45-55% of the coarse material, 
10-45%, preferably 16-40, in particular 25-35% of the fine additive, 
346%. preferably 630%, In particular 5-15% of the utoa fine additive, and 

0-30% other additives. . . . , 

According to another preferred embodiment of the process according to the Invention, the dewatering 

step is carried out on a Hatschek Machine or a Magnani Machine and the green shaped articles are cured 

at atmospheric pressure. In this case the matrix forming material may comprise, on a dry weight basis, 

50-90%, preferably 6040%, in particular 65-85% of the coarse material. 

545%. preferably 1040%. in particular 10-20% of the fine additive, 

345%, preferably 540%, In particular 5- 15% of the ultra fine additive, and 

040% other additives. 

According to preferred embodiments of the process according to the Invention 

the 50-1-um-fraction of the coarse material constitutes at least 80% by weight of said material, and the 

weight ratio of the 50-10-urrvfraction to the 10-1-unvrractton of this material Is larger than IX, preferably 

the 6M«im4racrJon of the fine addfttve constitutes at least 80% by weight of said material, and the weight 
ratio of the 50-10-um-fractton to the 10-1-tinvfraction of this material is less than 1.0. preferably less then 
04, 

at least 80% by weight of the ultra fine additive has a particle size within the range 064JB ipm. 

The hydraulic binder is preferably Portland cement, e* of the type l-V, according to ASTM standard 
C 150, preferably having a Blaine-value lower than 2600 cnWg. ... . 

The coarse material may comprise more than one type of coarse material with an average particle ei» 
of 35-12 urn, e.g.ambdurecrfPortJandcementandsDI<^orsracate^nteInlng, preferably pozzolanlc active 
additives, such as unground fly ash and/or possibly ground quartz, with a weight ratio Portland 
content/additive larger than 1, preferably larger than 1.2. 

According to a preferred embodknent of the process according to the Invention the fine additive is 
ground fly ash. possibly ground, possibly calcined motor, ground quartz, Weselgur, rice husk ash. calcium 
carbonate or Wollastontte. 

The ultra fine addBve is preferably flnatmer dustffom deerrothermal production of silicon orferrosBicon 
with a specific surface area of about 25 mVg and an average particle diametar of about 0.1 urn. 

Preferred fibres are : synthetic incfgarrte fibres, such esmlna^ 
synthetic organic fibres, such as polyBster. polyvinyl. pdyvinyWcohol, pdyefhytene. polypropylene, pdyao- 
ryfonftrila and pdyacrytemlde fibres ; end/or natural organic fibres, such as cellulose toea. 
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As mentioned above, the aqueous el uny contains 3-20 welfiht-%. preferably 5-20 wetght-%, In particular 
7-15 weight*, calculated on 8 dry weight basis, cellulose fibres. Preferred cellulose fibres are selected 
from : wood fibres of e.g. birch, eucalyptus, pine and spruce ; seed and fruit hairfibres of e.g. coir and cotton; 
and leaf and/or bast fibres of e.g. ateal, abaca, flax, hemp and Jute. 

Thefibrea serve party to reinforce the cured product, partly as filtration and retention aids at the dewa- 

taring stop. 

Partrcularhr aaflftfectoiy fatratloti end retention are obtained when at least a part of the cellulose fibres 
is refined to a degree of fineness of 20-60° SchopparRIegler, and/orwhen theflbres Include highly fMlated 
polyethylene or polypropylene fibres. 

According to a preferred embodiment the fibres are exclusively cellulose fibres. 

As mentioned above the matrix forming material may comprise 040% other additives- These may be 
selected torn : fillers, such as mica, varmfcullte, partite and expanded day ; colouring agents, water sealing 
agents, setfing and hardening accelerators, such as calcium chloride and aluminium sulphate, flocculante 
ordlsperaants, filtering aide, such as adcuIarWoSastonlte crystals, and organic or Inorganic plastHylng and 
fibre dsperalon agents, such as hydrophBlc inorganic particles, La. colloidal silica particles and refined or 
unrefined colloidal day parities with a domlnaflng parfde fraction less than 0.02 urn. 

The autodaving is preferably parfbrmad at temperatures between 100 and 240*C, In particular within 

the Interval 130-190*0. . .. . ., _ -.^ . 

The aqueous slimy can be prepared In a manner known per ae by pulpmg and stating the fibres In water 
and subsequently admixing the remaining materials, possibly adding more water to reach a suitable 
water/solid ratio. 

When using ultra fine silica as ultra fine additive It has, however, been found particularly advantageous 
initially to disperse the ultra-fine silica in water having a pH-value exceeding 8, subsequently stirring the 
fibres in this aqueous slica dispersion and finally admixing the remaining materials and, if necessary, 
additional water. Hereby is ensured a particularly homogeneous slurry of the fibres with a reduced to ndency 
to lump formation, presumably because the ultra fine silica duet in a basic environment will coat the surface 
of the individual cellulose fibres, providing an increased dispersIWilty of the cellulose fibres. 

The preparation of the green shaped articles by dewaterfng the slurry takes place In a manner known 
per ae, ag, using the Hatachek, Magnant, Mazza, Head Box, flow on, lienor Fo^ 

The green shaped articles can, for example, be shaped as beams, blocks, pipes and flat or corrugated 
sheets and panels which, if desired, can be subjected to compression In an additional compression step, 
typically at a pressure of 1-10 MPa. When manufacturing autoclaved products the green shaped artldes 
are preferably subjected to a procuring step, typically at 20-1 00"C for 6-24 hours and a relative humidity of 
60-100%, before the autodaving step. 

The Invention is further ilustrated In the Examples. 

The materials ueed in the examples were as follows : 



Fibres: 

EO cellulose: 

Beached cellulose fibres (Eucalyptus grandis and Eucalyptus urophyila) having a dewatering resistance 

of about 20° SR, length : about 1j0 mm, diameter: about 16 iua 

SandameK: 

Unbleached cellulose fibres (Pinus) (Kraft cellulose), 
length: less than 4 mm, 

diameter : about 35 pm having a dewatering resistance of about 14° SR. 
SandameK, x°SR: 

Sandame K refined to a dewatering resistance of x° SR ;x ■ 20,21, 23. 
Store 32: 

Bleached cellulose fibres (Plnus) (Kraft cellulose), 
length: less fran 4 mm, 

diameter : about 35 pm having a dewaterfng resistance of about 14° SR. 
Store 32, 40° SR: 

Store 32 refined to a dewaterfng resistance of40°SR 
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HydrauBc binder: 

Want Portend cemant having a low alkali content (max 0.80%) (type V), specKic aurfa «e 
pSaOOoU. Content : about 1.6%. F-value : about 22. average particle aba ; about 20 urn. 

^f^Porfland cement (type fll)> apedto eurfoce (Blaine) : 4880 cmVg, Q*content : about 10%, 
valua : about \A, average particle size : about 13 urn. 

Addjjjvaaj 

SBaSrtelnlng at least 80% SiO* apacffie surface (BJalna) : about 45<)0 OT */g. r^ue : about 2.6. 
average parVda aba : about 20 urn. 

Ejast ftZ^Plant. specT* surface (Blaine) : about3500 ctoVg. F^alue : about1.5. average particle 
size : about 14 jun. 

FheaddMvgj 

Ground fly aeh 1 00, 300, 500, J and G, vide example 1 and table I. 
Ultra fine addffive: 

UtotSfellfca dust torn electrothermal production of metallic eBcon or ferraificon, KOrContent : 80- 
100%, specific surface (BET) : about 25 rrtf/g, average partide diameter : about 0,1 pm 

Rbre reinforced sheets warn prepared in the laboratory at bench scale and on Hatschekand Magnanl 
Machines at full industrial scale. 

Bench scale experiments : 

Production Procedure: 



40 



A eaturated solution (20-C) of C^OH), and CaS0 4 . 2H& hi ™™^* T ™^***^" 
ofthlsBdiitbntogatharwfththedealred amountof ultra fine silica were Introduced tato a Bnteh Pulp Evalu- 
ation ApparatiTand the sflfca waa disperaed at 3000 r.pjn for 3 min. Then the fibres were added to the 
dispersion, and the mixture waa pulped at 3000 r.pjn. for 15 nth. 

48 Slunv preparation : 

T he resulting fibre pulp along with an additional portion of the above saturated solution v^rebwsferred 
to the veasel cfVDbf mixer, and the alurry waa prepared by adding the ^?i^^l solSn^ 
fbrmina materia] and optional additives In an amourt<»rresponding in a weight ratio water to total solid ma- 
so Sp^0lnth3urry expert 
red at 1000 r^jn. for 6 mln. 



Preparation of green 



sheets. 



as A oortcn of the atony corresponding to 109 g solid materia! waa dewatered In a filtration apparatus, 
suction^reSure 2^0 n^Hg.™ result filter cakes were pressed to green sheets a Jorms^anvWa 
SaZg press at a compression pressure of 1.5 MPa. The density of the green sheets corresponds 
to about the density of the impressed sheets prepared on an industrial scale. 
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Preparation of cured sheets : 
Procedure 1 (autodaving) : 

s The green sheets were cured In the following way : The green sheets were placed on a glass plate and 
kept in a humidity box for 24 hours, relative humidity : about 95%, temperature 25°C. The sheets were then 
eutoctaved with a pressurizing period of 2-6 hours, a Ml pressure period of 16 hours, and a depressurtzlng 
period of 2JS hours. 

10 Procedure 2 (ordinary curing) : 

The green sheets were cured In the following way : The green sheets were placed on a glass plate and 
kept in a humidity boxfor24 houre, relative humidity ; about 95%, temperature 25°C. Thereafter the sheets 
were submerged In water aid cured at 20-25*0 for 20 days. 
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Procedure 3 (accelerated curing) : 

The green sheets were cured In the Mowing way : Hie green sheets were placed on e glass plate and 
kept in a humidity boxfor 24 houre, relative humidity : about 05%, temperature 25°C. Thereafter the sheets 
were submerged In water and cured at 20-25*0 for 6 days, whereafter the sheets were cured under water 
for another 14 days at about 60*C. 

The physical properties of the slurry and the cured sheets were measured as described below : 



Testing Procedure : 

25 

F titration una . 

A portion of slurry corresponding to 109 g of solid materia] was dewatered In a filtration apparatus at a 
suction pressure equal to 200 mm Hg. A sudden drop In suction pressure Indicates the end of the filtration 
so period. The filtration time Is defined as the period of time from start of suction to pressure drop. 



BT-maxdryandwet: 

The cured shsets were suttfected to bending tests In which the curvature of the specimens was deter- 
35 mined as a function of the load, A ZWICK 1454 testing machine with 4~point load with a support distance 
of 190 mm end a 35 mm arm of momentum was used. Foroe/daformatlon curves were registered. BT-max 
designates the bending stress at maximum load, also referred to above as "MOR" (modulus of rupture). 
Vef designates tfiat measurements were made on watersoated sheets which had been submerged in 
water for 48 hours, and 'dry* designates that measurements were made on sheets which had been dried 
40 8t110°Cfor48houB. 



Example 1. 

Preparation of ground fly ash. 

Ground fly ash was ground to an increasing degree of fineness in a rotating laboratory mIO with grinding 
bodies* 

Fly ash with three degrees of fineness ware produced, designated 100, 300 and 500. the respective 
specific power consumption bslng 100, 300 and 500 kWh/L 

Two additional types of ground fly ash wore produced, designated J and G. 

The grain ska distribution of these five products, of the unground fly ash, of the cement and ground 
SiOj used In the following examples was determined by a sedlgraph. 

Grain sfea analysis and F- values for these materials are shown In table I. 
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BgmpteZ 

Comparison between sheets prepared according to the Invention and sheets prepared according to the 
known art (autocteved products). 

Five series of exparfcnents were performed with production of sheets according to the Production Pro- 
^Texpartrnente 1 and 3 sheets were produced according to the Invention by the thick and thin slurry 

urtotind fly ash Instead of ground fly ash. while In experiment 5 sheets were produced accortmg to the 

Hare and In the following "(C)" Indicates that It Is a comparative experiment 
Itllev^S^he^pro^ 

** ^Sn^B^teete'were produced according to the Invention, the green sheets being pressed not at 
20 (wet) of about 35-37 MPa. 
Examples 

Use of pround flv ash with dffiarent degr ees of fineness, 
25 Four series of experiments were carried out with production of sheets according to the Production Pro- 

^l^exDe^i^^ ground fly aah 100. 300 and 500, respectively, was used, ^perimerrt 

9. whicTeZrpamave experinW the cround fly ash was replaoed by unground fly ash. The working 

30 ""^o^'cSdtepercent by weight of solid materiel, and test results are shown In Table IH 
It te evident that the strength properties of the products increase with Increasing fineness of the ground 
fly ash. 

as Example 4 

Comparison between the M QRof wet and dry sheets. 

i^ijrs^es of experiments were performed with production of sheets according to the thin slurry method 

40 88 ^^rtfonTc^ed In percent by weight of solid material, and test results are shown in Table IV. 

within the range MMJB. 
Examples 

Comparison between sheets prepared according to the Invention and sheets prepared according to the 
known art fffldcriurry. ord inary and accelerated curing). 



Two times six aeries of experiments were performed with production of sheets according to the thick 
J^^T^^^Z^ Th.™.heete were drvided into two batches and cured 

""tX^^ 17 and 19. which are 

cornoarative experiments, the ground fly ash was replaced by unground fly ash. 

cWosiS calculated kT percent by weight of solid material, and test results are shown In Table V. 

ties and higher densfflee. 
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Example 8 

Comparison between sheets prepared according to the Invention and sheets prepared according to the 
known art (thin slunv. ordinary and accelerated curing). 

Two times sbe series of experiments were perfoimed with production of sheets according to the thin 
slurry version of the Production Procedure. The green sheets were divided Into two batches and cured 
according to Procedure 2 and 3, respectively. 

In experiments 20. 22 and 24 the ground fly ash 6 was used. In experiments 21, 23 and 25. which are 
comparative experiments, the ground fly ash was replaced by unground fly ash. 

Compositions, calculated h percent by weight of solid material, and test results are shown In Table VL 

It b evident that the sheets produced according to the Invention exhibit highly Improved strength proper- 
tlas and higher densities. 

Industrial experiments- 
Example 7. 

Experiment on a full scale Hatschek machine. 
Experiment HI. 

400 kg Sandama K(lnd10% water) ware pulped for 15 nin. with 9925 1 water In a 10 m 8 Black Clawson 
pulper. The resulting pulp was refined to a degree of freeneaa of about 20" SR and transferred to a stock 
cheat Thereafter 10834 1 pulp was pumped to a 26 m* Eschar Wyss pulper and pulped for 15 min. with 
10626 ( water and 1250 kg EO (tad 10% water). Thereafter3400 1 silica-mix (52 weight-% ultra fine silica 
dust. 43 weight-% water) were added and mixed forS mirurtes. The resulting pulp had a solid material con- 
tent of 1436 weight*. Mm _ , , 

260 kg of this pulp were mixed wtth 68 kg LSC cement end 25 kg ground fly ash G and water in order 

to obtain a suitable waterto solid material ratio. 

The resulting slurry was in known manner processed Into flat aheete on a Hatschek machine. 

The flat sheets were subsequently processed Into corrugated sheets in a conventional corrugation 
machine, party producing oorrugatad sheets having a pitch of 177 mm and a height (Le. distance from upper 
part of wave trough to upper part of wave crest) of 61 mm (sheet thickness 6 mm), partly corrugated sheets 
having a pfch of 130 mm and a height of 30 mm (sheet thickness 6 mm). 

The corrugated sheets ware cured in a curing channel at 60°C for about 8 hours and subsequently a uto- 
cteved at 160°C for 10 hours, preceded by a pressurizing period of about 2 hours and succeeded by a 
depressurizing period of about 2 hours. The green sheets exhibited exceptional plastic properties, ae mere 
was no evidence of formation of cracks or wrinkles or other deformations after the corrugation. 



Experiment H2 

For comparison analogous sheets were prepared using the same working procedure as In experiment 
HI. the 25 kg ground fly ash G, however, being replaced by 25 leg unground fly ash. 

Experiment H3 

In this experiment sheets were prepared according to the Invention using the same worfdng procedure 
as In experiment H1 f however, wfth the exclusive use of Store 32. which was refined to 40° SR. 

Test coupons were cut from the sheets produced In Experiment H1 , H2 and H3 with the pitch 177 mm, 
and BT^naxwetvaluea were measured on the test coupons with rupture perpendicular to the corrugations. 

The resdts are shown In TebleVll 

It Is evident that the products produced In experiment H1 exhWt superior strength properties In relation 
to the properties of the products produced in experiment H2, and that the products produced by the process 
according to the Invention (HI and H3) both have a remarkably high strength level. 
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Example 8 

Experiments on a full scale Magnanl Machine 

An aqueous slurry having a welcht of 1222 g pari (oorresponding to a water/solid ratio about 3) and 
containing 3 parts by weight Sandame K, 22° 8R, 9 parts by weight EO. 8 parts by weight sfflca dust, 30 
parts by weight ground fly ash 6, and 50 parts by weight LSCcement was prepared as described m Example 

7 The siuny was dewatored to corrugated sheets one Magnanl Machine (pitch : 172 mm, height : 48 mm, 
thickness : 8-8 mm). The impressed sheet* were procured and eutodaved as described In Example 7. 

The products were tested by measuring density and MOR wet (watereoaked boards) in the machine 
direction: 

Density 1100-1200 kgftn»,MOR wet :&0MPa. 

It is evident that the present method Is also usable in connection with the production of autoclaved 
sheets on a Magnanl Machine. 
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Table II 



c 


Experiment Ho. 


1 


2 IC) 


10 


EO 

Sandarne K r 23° SR 


9 
3 


9 
3 




LSC cement 


47 


47 


16 


Fly ash {ung round) 




21 




Ground Fly ash J 


21 




20 


Silica duet 


20 


20 




Filtration time (sec.) 


103 


41 


25 


Slurry type 


TK 




30 


Autoclaving temperature, 


•C 160 


160 




BT-max wet, HPa 


20.3 


15.6 


OS 


Density, kg/m 1 


1399 


1284 



TK: thick slurry 
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Experiment No. 
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Table II (continued) 
3 



4 (C) 5 (C) 



EO 


9 


9 


9 


Con^nrnp K - 23° SR 
saiiUaiUl; R» • J **** 


3 


3 


3 




47 


47 


47 


pifi a«h /una round) 




21 






21 












21 


Ci H ca dust. 


20 


20 


20 


Filtration time (sec.) 


205 


125 


133 


Slurry type 


TN 


TN 


TN 


Autoclaving temperature, 


•C 160 


160 


160/180 


BT-max wet, MPa 


30.3 


20.9 


21.4/18.3 


Density, kg/m* 


1377 


1239 


1275/1222 



TN: thin slurry 
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Table III 



Experiment Ho. 


6 


7 


8 


9 (C) 


BO 

Sandarne K, 23* SR 


9 

3 


9 

3 


9 
3 


9 
3 


JjbC cement 


47 


47 


47 


47 


JrXy SSn lunyiwuiiuf 








21 

— 


Ground Fly ash 100 
Ground Fly ash 300 
Ground Fly ash 500 


21 


21 


21 




Silica dust 


20 


20 


20 


20 


Filtration time {sec.) 185 


203 


190 


125 


Curing 


A 


A 


A 


A 


BT-max wet, MPa 


23.8 


24.6 


28.3 


20.9 


Density, kg/m* 


1365 


1367 


1377 


1239 



A: Autoclaving at 160°C 
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Table IV 



Experiment No. 


10 


11 


12 


13 


£0 


9 


10.5 


9 


9 


Sandarne K 




1.5 


3 






3 








Stora 32 








3 


LSC cement 


47 


47 


44 


47 


Silica dust 


20 


20 


15 


20 


Ground PXv ash 


21 


21 


29 


21 


Cueing 


A 


A 


A 


A 


BT-maac wet, MPa 


27.6 


29.8 


28.2 


30.0 


BT-max dry, MPa 


31.1 


29.7 


31.2 


29.7 


BT wet/M dry 


0.92 


1.00 


0.90 


1.01 


Density wet, kg/m 3 


1344 


1378 


1351 


1311 


Density dry, kg/m 3 


1357 


1355 


1348 


1287 



A: Autoclaving at 160°C 



16 



Experiment No. 



EP 0263 723 Bl 

Table V 

14 15 <C> 



BO 

Sandarne K, 21 sr 


6-7 

3.3 


6.7 
3.3 




Rapid cement 


65 


65 




Fly ash (unground) 




20 




Ground Ply ash G 


20 






Silica dust 


5 


5 




Filtration time (sec.) 


54 


32 




Curing Procedure 


2 


2 




BT-fltax wet, MPa 


11.2 


8.4 




Density/ kg/in * 


1327 


1252 




Curing Procedure 


3 


3 




BT-max vetr MPa 


18.5 


12.6 




Density, kg/m* 


1310 


1231 
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Table V (Continued) 
Experiment No. l * 



EO 


6.7 


6.7 


Sandatne K f 21° SR 


3.3 


3.3 


Raoid cement 


75 


75 


Fly ash (unground) 




10 


Ground Fly ash G 


10 




Silica dust 


5 


5 


Filtration time (sec.) 


43 


32 




Curing Procedure 


2 


2 


BT-max wet, MPa 


10.3 


9.9 


Density, kg/m* 


1293 


1258 




Curing Procedure 


3 


3 


BT-max wet, MPa 


15.6 


12.6 


Density, kg/m J 


1315 


1278 



18 



10 



15 



70 



25 



55 
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Table V (Continued) 
18 



19 (C) 



45 



EO 


6.7 


6.7 


Sandarne K, 21* SR 


3.3 


3.3 


Rapid cement 


60 


60 


Fly ash (unground) 




20 


Ground Ply ash G 


20 




Silica dust 


10 


10 


Filtration time (sec.) 


a a 
SB 


46 


Curing Procedure 


2 


2 


BT-max wet, HPa 


12.0 


9.1 


Density, kg/in* 




1253 


Curing Procedure 


3 


3 


BT-max wet, HPa 


22.1 


16.3 


Density, kg/n s 


1318 


1255 



50 



85 
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Table VI 



Experiment No. 


20 


21 (C) 


BO 


6e7 


6.7 


Sandarne K, 21° SR 




3 3 


Rapid cement 


09 




Fly ash {unground) 






Ground Fly ash G 


20 




Silica dust 


S 


s 


Filtration time (sec.) 


77 


52 




Curing Procedure 


2 


2 


BT-max wet, MPa 


11.6 


8.9 


Density, kg/a* 


1302 


1234 




Curing Procedure 


3 


3 


BT-max wet, MPa 


20.3 


12.9 


Density, kg/m' 


1314 


1251 



20 



80 



55 



Experiment No- 
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Table VI (continued) 

* 22 23 <C> 



10 


EO 

Sandarne K, 21° SR 


6.7 

3.3 


6.7 
3.3 




Rapid cement 


75 


75 


1*5 


Fly asb (unground) 




10 




Ground Ply ash G 


10 




20 


Silica dust 


S 


5 


25 


Piltration time (sec.) 


71 






Curing Procedure 


2 


2 


30 


BT-inax wet, MPa 


11.7 


10.8 


33 


Density, kg/m 1 


1291 


i ten 
1207 




Curing Procedure 


3 


3 


40 


BT-max wet, MPa 


16.3 


14.7 


43 


Density, kg/m* 


1300 


1271 
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m^Kl a VI (continued) 



Experiment No« 



24 



25 (C) 



10 



16 



20 



35 



46 



so 


6.7 


6.7 


Sandarne K, 21° SR 


3.3 


3.3 


Rapid cement 


60 


60 


Fly ash (unground) 




20 


Ground Ply ash G 


20 




Silica dust 


10 


10 


Filtration time (sec.) 


124 


"71 


Curing Procedure 


2 


2 


BT-max wet, MPa 


13.2 


11.3 


Density, kg/h* 


1300 


1245 

J, if «J 


Curing Procedure 


3 


3 


BT-max wet, KPa 


27.3 


20.2 


Density, kg/m' 


1338 


1251 



50 
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Table VII 



Experiment No. H1 



BO 


9 


9 


12 


Stora 32, 40* SR 






Sandarne K, 20° SR 


3 


3 




LSC cement 


47 


47 


47 


Fly ash (unground) 




21 




Ground Fly ash 6 


21 




21 


Silica dust 


20 


20 


20 


Curing 


A 


A 


A 


BT-maac wet, MPa 


16.2 


11.7 


16.1 



A: Autoclaving at 160*0 



Claim* 

1 A process for the manufacture of asbestos-free fibre-reinforced shaped articles having a density of 
at least 1000kg/m» with a matrix of a cured Inorganic binder. In which green shaped articles are formed by 
dewatering an aqueous shiny of fibres and a matrix forming material comprising particles of an Inorganic 
hydraulic binder, a particulate inorganic addifive and possibly otheraddifives containing an excess of water 
in relation to me amount necessary to secure curing of the hydraulic binder, and containing, on a dry weight 
basis, 3-20%. preferably 5-20%, In particular 7-15%, cellulose fibres, after whfch the green shaped articles 
are cured, characterized In that the matrix forming materia! comprises, on a dry weight basis, 
40-90%, preferably 45-85%, of a coarse material with an average partlde size of 35-12 urn, preferably 25-18 
pm. preferably with a particle ate distribution exhibiting only one maximum, comprising the hydraulic binder 
and possibly a eMca-cr silicate-containing, preferably pozzolanic active additive. 
5^5%, preferably 1 0-40%, In particular 10-35%, of a fine Inorganic preferably silica- or silicate-containing, 
In particular pozzelanfo active additive with an average particle size of 10-1 pm, preferably 7-3 pm, prefer- 
ably with a particle ska distribution exhibiting only one maximum, 

3-25% of an ultra fine preferably pozzolanic active additive with an average particle atze within the range 
1 -0.02 pm. preferably less man 0.5 pm, and 
0-30% other additives. 

2. A process according to dalm 1 wherein the dewatering step is carried out on a Hatschek Machine 
and the green shaped articles are cured by autodavlng, characterized In that the matrix forming material 
comprises, on a dry weight baste, 

40-75%. preferably 4055%, In particular 45-50%, of the coarse material, 
10-45%. preferably 1540%, In particular 20-30%, of the fine additive, 
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3-25%, preferably 10-26%, In particular 14-22%, of the ultra fine additive, and 
0-30% other additive* 

3. A process acording to claim 1 wherein the dewatering step Is carried out on a Magnani Machine and 
the green shaped articles are cured by autociavlng, characterized In that the matrix forming matarlaj com- 
prises, on a dry weight baste, 

40-75%, preferably 40-60%, In particular 45-55%, of the ooarsa material, 
10-45%, preferably 15-40%, in particular 25-35%, of the fine additive, 
3-25%, preferably 3-20%, In particular 5-15%, of the ultra fine additive, and 
0-30% other additives. 

4. A process according to claim 1 wherein the dewatering step is carried out on a Hatschek Machine 
or a Magnani Machine and the green shaped articles are cured at atmospheric pressure, characterized in 
that the matrix forming material comprises, on a dry weight basis, 

50-90%, preferably 60-90%, in particular 65-85%, of the coarse material, 
535%, preferably 10-30%, in particular 10-20%, of thefine additive, 
3-25%, preferably 5-20%, In particular 5-15%, of the ultra fine additive, and 
040% other addtives. 

6. A process according to any of the proceeding claims, characterized in that the 50-1-nm-fraction of 
the coarse material constitutes at least 80% by weight of said material, and that the weight ratio of the 50- 
lO-jim-fractlon to the 10-1-*uTvfracflon of this material is larger than 1.0, preferably larger than 1 A 

6- A process according to any of the proceeding claims, characterized In that the 50-1-pm-fractlon of 
frefine additive constitutes at least 80% by weight of said material, and that the weight ratio of the 5O-10- 
lim-fiaction to the 10-1-fxnwfractton of this materiel is less than 10, preferably less than OA 

7. A process according to any of the proceeding claims, characterized in that at least 60% by weight 
of the utat fine additive has a particle size within the range 0.6-0.02 \m. 

8. A process according to any of the preceding claims, characterized In that the coarse material Is Port- 
land cement, preferably coarsely ground Portland cement having a Bfafne-value less than 2500 cnffg. 

9. A process according to any of the preceding claims, characterized in that the coarse material com- 
prises a mixture of Portland cement and silica- or silicate-containing, preferably pozzdanfc active additive 
with a weight ratio Portland cement/additive larger than 1, preferably larger than 1.2. 

10. A process accoidlng to claim 9, characterized In that the silica- or sllcate-containing additive In 
the coarse fraction Is unground fly ash and/or possibly ground quartz. 

11. A process according to any of the preceding claims, characterized In that the additive in the fine 
additive is ground fly ash. possibly ground, possibly calcined motor, ground quartz, kieselgur, rice husk ash, 
caEciumcarbonate or Wollastonte. 

12. A process according to any of the preceding claims, characterized in that the ultra fine material is 
fine sillca-oontaining filter dust from electrothermal production of silicon or ferroslllcon with a specie surface 
area of 5-200 iriVg, preferably about 25 nrftg, and an average particle diameter of about 0.1 ym. 



Revendtcattons 

1 . Precede de fabrication cfartides feponnfe renfbrees par des fibres, sans amiante, ayant une masse 
volumique <fau molns 1000 kg/m 3 , comprenant une matrice d*un I iant minted dure!, dans I equal des articles 
fe£onn6a & Petatvert sont formes par deshydratation d'une suspension equeuse de fibres et d'une mature 
fcrmantla matrice, comprenant das parflcules (Tun liant hydrauiique mineral, un addifif mineral en particu- 
lar et fecultatfvement cfaufres addffife, con tenant un excte d'eau par rapport d la quantity neceeseire pour 
assurer le durdesementdu Bant hydrauiique, et contenant, sur base pondfirale s£che, 3 & 20%, de prdfd- 
ranee 5 & 20%, en parfcuffer 7 A 15%, de fibres de cellulose, aprfcs quo! les articles fagonnes & l'6tat vert 
sont durda, caracterise an ce que la matters formant la matrice comprend, sur base ponderaie s*che, 
40 * 90%, de prittrence 45 d 85%, d'une matiere grossfere ayant une dimension granuIom6trique moyenne 
de 35 ft 12 pm, de preference 25 A 18 pm, aveode preference une distribution granulom&rique ne prtsen- 
tant qiAjn sad maximum, comprenant le liant hydrauffque et everttuellement un addRif acttf oontenant de 
la sfllce ou un sHicate, da preference pouzzolanlque, 

5 & 45%, de preference 10 A 40%, en partcuCer 106 35%, d'un additrf acttf mineral fin contenant de pre- 
ference de la silfce ou un sulcata, en particuller pouzzoiankjue, ayant une dimension granulomfitrfque 
moyenne de 10 A 1 ion, de preference 7 A 3 urn, avec de preference une distribution granulometrique ne 
presenter* qu*un seul maximum, 

3 A 25% tfun addftlf actif ultrafin, de preference pouzzoianlque, ayant une dimension granulometrique 
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moyenne comprise dana rintervalla de 1 a 0,02 um, de preference tofeneure a 0.5 jun. at 
0 a 30% cfautres addltlfs. 

2, Precede salon ta revendfcafion 1, dana (equal I'etape de deehydratabon est executee aur une 
machine Hatachek et lea articles fegonnes a Petat vert eont durcis par autoclavage, caracteriee en ce que 
la mature fbrmant la matrtoe comprend, eur base ponderate seche, 
40 * 75%0, de prtference 40 a 55%, en parttculler 
45 a 50% de la matter* grossfere, 
10a45%,daprtferance15a40%,enpartteuner 

20a30%,dePaddiflffin l 

3 a 25%, de preference 10 it 25%. en partcuBar 14 a 22%, de I'addlHf ultrafln, et 
0a30%<fautreaaddmf8. , . _ 

a Precede salon la iwendkatkai 1. dans lequel I'etape de deshydretation eat executes eur une 
machine Magnani et lea articles feconnee a Ptot vert eont durcis par autoclavage. caracffiriae en ce que 
la matters fbrmant la matrice comprend, aur base ponde rale aeche, 
40 ii 75%, de prtference 40 a 60%. en particuliBr 
45 a 65% de la maflere grasatere. 
10 a 45%, de preference 16 a 40%. en perticulier 
20a356%,dePadaTflrfln, 

3 a 25%. de preference 3 a 20%, en particuHer 5 a 15%, de PadoTOf ultrafin. et 
0 & 30% d'autrea addWfe. 

4. Precede eelon la revendlcation 1, dans lequel I'etape de deshydretation est executes eur uns 
machine Hatachek ou une machine Magnanl et tea articles faconnee verts aont durcis a la presston atmos- 
pherique, caractense en ce que la maflere fbrmant la matrtoe comprend, sur base ponderale secne. 

50 a 00%, de preference 60 a 90%, en partlculler 

65 A 85% de la mature grassiers, 

6 a 35%, de preference 10 a 30%, en particufier 

10a20%,dePadditiffIn. 

3 a 25%. de preference 5 a 20%. en parttculler 

5 a 15%. de PaddBf ultrafln, et 

0 a 30% d'autres addltlfs. 

5. Precede eelon Puna quaioonque des ravendlcationa precedentes, caracterlse en ce que la fraction 
de 50 i 1 urn de la matiere grosslare consHtue au moins 80% en polds de ladlte matiere et en ce que le 
rapport en pokls de la fraction 50 a 10 urn a la fraction de 10 a 1 um de cetts maflere sstsuperteur a 1.0. 
de preference aupertaur a 1,2. 

6. Precede eelon Puns quelconque des revendteatfona precedentes, carectertee en ce que la fraction 
de 50 aliunde Paddlflffin conetftue au molns 60% en polds ds ladlte maflere et en ce quels rapport en 
polos de la fraction de 50 a 10 urn a la fraction da 10 a 1 pmdseet»maHereeetinl6risura1,0,dsprtferenc8 
lnf6riour d 0t& 

7 Precede selon rune quelconque des revendications precedentes, caractfirteS en ce qu'au moins 80% 
en polds de PaddlnT ultrafln a une dimension partculalre sTnacrivant dana Pintervans de 0.5 a 0.02 pm. 

8. Precede eelon Tuns quelconque des revendications precedentes. caradarlse an ce que la maflere 
greasiere eat du clment Porfland, ds preference du clment Porfland grossisrementbroyd. ayantune surface 
8p6clfique salon Blaine inf&teure a 2500 crrfVg. 

9. Precede selon rune quelconque des revendications precedentes. caracttnse en ce que la matlere 
greasiere comprend un mflangede dment Portland et d'un addifif actif contenantde la sfllce ou un slltaate. 
de preference pouzzdanlqua. le rapport en polds du clment Portland a Paddttlf erant superior a 1, da pre- 
ference supArisur & 1*t 

10 Precede salon la wvendlcatJon 9. caracterise en ce que Taddltif contenant de la ail ice ou un silicate 
contemi dans la fraction greasiere set ds la csndre volants non broyee et/ou eventuellement du quartz 

tunvA 

11. Proo6dd selon rune quelconque dee revendications piScMentea, caracttrW en ce que Paddlttf de 
redd ittf fin. eel de (a cendi* volante bpoyde, du moler ffacultafivement broy§ et facultativement calcln6. du 
quartz bniyd, du klesetguhr, de [a oendie de bailee de rir. du caibonate de calcium ou de la waHaatonlte. 

12. Proc&fc selon rune quetoonquedea revendica&ms pntofidentes, caiact6rfs6 en ce quo te matter* 
uttrafine est une pouesttre fine de ffltrea contenantde la alee, provenant de la production 61edrothermique 
de efltoSum ou defenOfiOldum et ayantune eutface epdeffique de 5 ft 200 mrVg, de preference tfenvlran 25 
irWfl, et un dtamfttre moyen de partksulee d'envlron 0.1 pm. 
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AnsprOche 

1. Verfahren zur HersteBung von aabeatfreten, faserveretfirkten, gefbrmten Artfeein elner Dlchte von 
mlndestens 1 000 kgfrn* mft el nar Matrix sines ausgehfi rtate n, anorganlachen Binders, wobei frisch geformte 
Artikel gebDdet warden, durch Entwfisseimng einer wattrige n AufscWimmung von Fasem und elnes matrix- 
bfldenden Materials, umfassend TeDchen elnes anoiganlschen, hydraullschen Binders, einen aus Teilchen 
bestehenden anorgantechen Zusatz und irtfglfcherwelse andere Zusfitze, die elnen WaaserflberechuS Im 
Vergleteh zu der Menge enthalten, die erforderifch 1st die Aushfirtung dee hydraulischen Binders sicherzu- 
stellen, und auf einer Trockengewfchtsbaais 3-20%. vorzugsweise 5-20%, Insbesondere 7-15% Zellulose- 
fasem enthaltend, wonach die frtsch gefbrmten Artikel ausgehfirtet werden, dadurch gekennzeichnet daft 
das matrfxbfldende Material auf einer Trocfcengewichtsbasis, 

40-00%, vorzugswetse 45-85%, elnes groben Materials mit elner durchschn Itfltehen Tefl chengr6Se von 35- 
12 jim, vorzugsweise 25-18 jun, vorzugsweise mit elner nur efn Maximum zelgenden TeilchengrfGenver- 
teltung, daa den hydraullschen Binder und mfiglicherwetee einen SiJikaoder Sllkatrenthaltenden, 
vorzugsweise Puzzolan-aktivan Zusatz enthfilt, 

6-45%, vorzugsweise 10-40%, Insbesondere 10-35%, elnes feinen anorganlachen, vorzugsweise SDIka- 
oder SOikal-entftaltenden. Insbesondera Puzzolan-aktiven Zusatzes mit einer durchschnlttlichen Teflchen- 
grO&e von 10-1 pm. vorzugsweise 7-3 |im, vorzugsweise mit einer nur eln Maximum zelgenden TeBchen- 
grftfienvertBilung, 

3-25% elnes ultrafelnen, vorzugsweise Puzzolan-aktiven Zusatzes rnlt einer durchschnltfllchen TeHchen- 
grfiSe Innerhalb dee Bereicbs 1-0,02 \art, vorzugsweise Welner als 0,5 jim, und 
0-30% andere Zusfitze , umfa&t 

2. Verfahren naoh Anspruch 1, worin der Eniwfisserungsschritt auf elner Hatschek-Masohine ausge- 
fDhrtwfrd, und die frisch gefbrmten Artikel durch BehandJung Im Autoklaven ausgehfirtet werden, dadurch 
gekaimzafchnet, daft daa matrixbOdende Material auf einer Trockengewlchtsbasis, 

40-75%, vorzugsweise 40-55%, bisbesondere 45m50%, dea groben Materials, 
1045%, vorzugsweise 1540%, Insbesondere 20<W%, dea feinen Zusatzes, 
3-25%, vorzugsweise 10-25%, Insbesondera 14-22%, des ultrafelnen Zusatzes, und 
0-30% andere Zusfitze, umfa&t 

3. Verfahren nach Anspruch 1 , worin der Entwfisserungsschrftt auf einer Magnanl-Maechlne ausgefQhrt 
wird und die frisch gefbrmten Arfflosl durch Behandiung im Autoklaven ausgehfirtet werden, dadurch 
gekennzetehnet, daft das matrixbOdende Material auf elner Trockengewlchtsbasis, 

40-75%, vorzugsweise 40-60%, bisbesondere 45-55%, des groben Materials, 
1045%, vorzugsweise 1540%, insbesondare 25-35%, des feinen Zusates, 
3-25%, vorzugsweise 3-20%, bisbesondere 5-15%, des ultrafelnen Zusatzes, und 
0-30% andere Zusfitze, umfa&t 

4. Verfahren nach Anspruch 1,worin derEntwfisserungsschritt auf elner Hetechek-Maschlne Oder elner 
MagnanlMaschlne auageffihrt wild und die frisch gefbrmten Artikel be! Luftdruck ausgehfirtet werden, 
dadurch gekennzetehnet, daB daa matrixbOdende Material auf einer Trockengewichtsbasis, 

50-80%, vorzugsweise 60-00%, insbesondere 65-85%, des groben Materials, 
5-35%, vorzugsweise 10-30%, bisbesondere 1020%, des feinen Zusatzes, 
3-25%, vorzugsweise 5-20%, insbesondere 5-16%, des ultrafelnen Zusatzes, und 
0-30% andere Zusfitze, umfa&t 

6. Verfahren nach einem der vorhergehenden AnsprOche, dadurch gekennzetehnet, daa der 504 jxm- 
Bruchtea dee groben Materials mindsets na 80 Gew.-% dieses Materials ausmacht und daS das Gewichts- 
verhSKnls dea 50-10 »imBruchtefls zum 10-1 pm-Bruchteil dieses Materials grSGer als 1,0, vorzugsweise 
griUeratel^bt 

6. Verfehren nach einem der vorhergehenden Anspritehe, da- , dutch gekennzetehnet, daa der 50-1 ym- 
Bruchtefl dea feinen Zusatzes mlndestens 80 Gaw^-% dieses Materials ausmacht, und da& das Gewlchts- 
veriifiltnls dee 50-10 pmBruchteHs zum 10-1 iim-BruchteK dieses Materials Welner als l,0, vorzugsweise 
Hefner ale 0,8 1st 

7. Vecfahren nach einem der vorhergehenden AnsprOche, dadurch gekennzetehnet, daa mlndestens 
80 Gew.-% des uWefnen Zusatzes elne TeffchengrOOe Innerhalb des Beretehe 0,5-0,02 pm aufwelst. 

8. Verfahren nach einem der vorhergehenden AnsprOche, dadurch gekennzetehnet, daB daa grebe 
Material PorflandZement, vorzugsweise grob gemaWener PoUand-Zement mit einem Blaine-Wert Welner 
als 2500 crriVg, 1st 

9. Verfahren nach einem der vorhergehenden AnsprOche. dadurch gekennzetehnet, daB das grobe 
Material ebie MIschung aus Portiand-Zement und einem SHOca- Oder SUIkat- enthaitenden, vorzugsweise 
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Puzzdan-aktiven Zusatz umfaBt, mftelnem Gawichteverhaitnla Pcrtiand-Zement/Zuaatz. das gr5&er als 1, 
vorzugswalsa grO&er als 1«2 1st 

10. Verfchren nach Anspruch 9. daduroh gekennzelchnet, dali der SMka- Oder SPfcat-enthaltende 
ZUsatz In dam groben BwchteO ungemahlene Flugasche und/oderm5g[fcherwelse gemahlener Quartz 1st 

11. Veifahren nach slnem dervorhatgehenden AnsprOohe. daduich gekennzalchnet, daB der Zusatz 
In dam fetoen BruchteO gemahlene Hugaeche, mfiglichaiwaise gemahlener. mSgllcherweise geglOhter 
Molar (Diatomeararde), gemahlanar Quartz, Kleselgur, ReteWelenasche, Calclumcarbonat oder WoDasto- 

flit \&tm 

12. Verfahren nach eJnem derverheigehendan AnsprOche, daduroh gekannzsJchnet, dafi das ultrB- 
felneMeterW Wrier Sfllka-enflialterjd^ 

hereteBung 1st, mit sham Boreich der spezhlsehen Oberflaohe von 9-200 mVg. voizugswelsa urn 25 rrWg, 
und etnem durehschnitffiohen Teachendurchmeeeer von ungeffihr 0,1 urn. 
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